Hepatocellular carcinoma (HCC) arises in the context of cirrhosis and chronic hepatitis B virus (HBV) infections, and the diagnosis is often made at advanced stages. Because early-stage diagnosis improves survival, guidelines recommend screening patients at risk for HCC, such as patients with cirrhosis. However, adherence to screening programs is suboptimal. In this review, we discuss the value of HCC screening and provide practical guidance on patient selection and screening methods. International guidelines concordantly recommend HCC screening in patients with cirrhosis, including patients with HBV infections, hepatitis C virus infections with or without sustained virologic response, and nonalcoholic fatty liver disease. There is no consensus on screening patients without cirrhosis, although patients with advanced fibrosis, HBV infections, or nonalcoholic fatty liver disease without cirrhosis have an increased risk for development of HCC. Screening for HCC improves early tumor detection, receipt of curative treatment, and overall survival in at-risk patients. However, potential harms of HCC screening have not been well quantified. Semiannual abdominal ultrasonography is the screening modality of choice. Using ultrasonography in combination with biomarkers, such as a-fetoprotein, may increase accuracy for early HCC detection. The use of magnetic resonance imaging and computed tomography is limited by costeffectiveness and practical considerations. Increased awareness of HCC screening will allow for earlier diagnosis and potentially curative treatment. We propose a comprehensive screening algorithm for patients at risk for development of HCC, recommending lifelong, semiannual ultrasonography combined with a-fetoprotein testing in patients with cirrhosis and selected patients without cirrhosis. L iver cancer is the sixth most common cancer and second most common cause of cancer-related death worldwide.
L
iver cancer is the sixth most common cancer and second most common cause of cancer-related death worldwide. 1 Hepatocellular carcinoma (HCC) accounts for 90% of all primary liver tumors. The prognosis of HCC is tightly linked to tumor stage, with the best survival seen in patients diagnosed at early stages. Whereas patients with early-stage HCC can undergo curative treatments and have 5-year survival rates exceeding 70%, there are no curative treatment options for advanced HCC. Survival is typically less than 1 or 2 years, depending on the underlying tumor burden, liver function, and performance status.
Hepatocellular carcinoma is most common in Asia and sub-Saharan Africa. 1 However, recent reports have indicated that the incidence of HCC in East Asia is decreasing, given more widespread vaccination programs for hepatitis B virus (HBV). 2 During this same time period, the incidence in developed countries, including Europe and the United States, has nearly doubled. 3 Several professional societies recommend screening at-risk patients, including all patients with cirrhosis and subgroups of patients with chronic HBV infections. 4e9 Although these recommendations are largely based on expert opinion, they are supported by a large randomized controlled trial (RCT) in patients with chronic HBV, several cohort studies in patients with cirrhosis, and data showing that HCC screening fulfills the World Health Organization's requirements for a screening program. 10e13 In spite of the global guidelines' recommendations, HCC screening programs across the world are limited by low utilization rates. 14e19 Most educational efforts on the value of HCC screening to date have been aimed at subspecialists. 20 However, most patients with cirrhosis seen outside tertiary care centers are followed up by primary care physicians, highlighting their central role in HCC screening. The purpose of this review is to discuss the value of HCC screening in at-risk patients with chronic liver disease. Although strictly speaking the term screening is used to describe the initial test and subsequent testing is termed surveillance, we use the colloquial term screening throughout this review.
THE VALUE OF HCC SCREENING
The value of cancer screening programs is based on a balance between screening benefits and harms. The best data for the benefits of HCC screening are derived from a large RCT that found that screening patients with chronic HBV improved early tumor detection (stage I, 60.5% vs 0%), receipt of curative treatment (resection, 46.5% vs 7.5%), and overall survival (37%; hazard ratio 0.63; 95% CI, 0.41-0.98) compared with not screening. 10 However, level I data on screening patients with cirrhosis are lacking, largely related to perceived ethical challenges of enrolling patients with cirrhosis in an RCT for HCC screening. In a feasibility assessment for an RCT with informed consent, 99.5% of patients declined randomization and elected to participate in a screening program for HCC. 21 Despite a lack of randomized data, several cohort studies have found a strong and consistent association between HCC screening and improved 3-year survival rates (odds ratio, 1.09; 95% CI, 1.67-2.17). 13 The benefit persisted in the subset of studies that statistically adjusted for lead-time bias, suggesting there is likely a true benefit of screening patients with cirrhosis. A recent observational study comparing the survival of patients with HCC in Japan, where there is an intensive screening program using ultrasonography and a-fetoprotein (AFP) L3 fractions and des-gammacarboxy prothrombin, and Hong Kong, where no program has been implemented, found higher survival in Japan (52 vs 17.8 months), mainly induced by earlier diagnosis permitting curative treatment options in more patients.
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Increasing attention is paid to the potential harms of screening, particularly in light of data suggesting harms in other cancer screening programs, such as prostate, breast, and lung cancer. 22 Screening-related harms can include physical, financial, and psychological harms. A recent study suggested that up to one-third of patients with cirrhosis may experience physical harms that are related to false-positive and indeterminate screening results. 23 However, most screening harms were additional diagnostic computed tomography (CT) or magnetic resonance imaging (MRI) examinations. There were few instances of severe physical harm, such as invasive procedures or procedure-related complications. Data evaluating psychological or financial harms of HCC screening are limited. Although further evaluation is needed to examine these harms, current data suggest that the benefits likely outweigh potential harms of HCC screening.
PATIENT SELECTION FOR SCREENING
Patients with Cirrhosis Over 90% of HCCs in the Western world develop in the setting of cirrhosis, the end stage of any chronic liver injury. 24 Patients with cirrhosis have an annual risk of 2% to 4% for development of HCC. Given this high risk, there is consensus among international professional society guidelines that HCC screening is recommended in all patients with cirrhosis, independent of liver disease etiology (Table) . 4e7 The benefits of HCC screening are generally limited to patients with compensated cirrhosis (Child-Pugh class A or B). Given the lack of effective therapies, patients with Child-Pugh class C cirrhosis are typically not offered HCC screening unless they are listed for liver transplant, but an individualized screening approach is warranted.
ARTICLE HIGHLIGHTS
d Early diagnosis of hepatocellular carcinoma improves survival, but adherence to screening programs is suboptimal.
d International guidelines concordantly recommend screening patients with cirrhosis; consensus on screening patients without cirrhosis is lacking.
d We recommend lifelong screening with semiannual ultrasonography and a-fetoprotein testing in patients with cirrhosis and selected patients without cirrhosis.
Furthermore, screening is generally not considered worthwhile in patients with a hepatic or nonhepatic disease resulting in a life expectancy of 12 months or less. There is regional variation in the importance of different risk factors for cirrhosis. 24 Although HBV infections cause approximately 70% of HCC cases in Africa and East Asia, the majority of cases in the Western world and Japan are related to hepatitis C virus (HCV) infections. Although sustained viral response (SVR) after direct-acting antiviral treatment substantially reduces the risk of HCC in patients with cirrhosis, they remain at risk. 26 In fact, HCC has even been reported a decade after SVR, despite improvement in portal hypertension and regression of fibrosis. Therefore, continued HCC screening is strongly recommended in patients with HCV cirrhosis, although the cost-effectiveness of this strategy is unclear.
Across the world, the contribution of nonalcoholic fatty liver disease (NAFLD), the hepatic manifestation of the metabolic syndrome, to the development of HCC is increasing. 27, 28 In parallel with the obesity and diabetes epidemics, NAFLD-related cirrhosis is anticipated to become the most common cause of liverrelated complications, including HCC, in the Western world in the near future.
Another common nonviral etiology of cirrhosis is alcohol-related cirrhosis. 29 A metaanalysis found that heavy drinking (3 drinks per day) increased the risk of liver cancer by 16% compared with alcohol abstinence, with a linear relationship between the risk and the amount of alcohol intake. 29 The Asia-Pacific guidelines also recommend screening patients with less common etiologies of cirrhosis, such as primary biliary cholangitis, hemochromatosis, and autoimmune hepatitis. 6 Patients Without Cirrhosis Advanced Fibrosis. There is debate about the value of HCC screening in patients with major fibrosis without cirrhosis. European professional society guidelines recommend screening these patients because it can be difficult to define the transition from advanced fibrosis to cirrhosis. 5 This recommendation has not been included in American guidelines. 4, 9 Noncirrhotic Chronic HBV. Chronic HBV infection is a well-recognized risk factor for HCC and accounts for most cases of HCC globally. 24 Hepatocellular carcinoma screening has been reported to be cost-effective in patients with HBV without cirrhosis when the incidence is greater than 0.2% per year. 5 Most guidelines restrict HCC screening to selected subgroups of patients without cirrhosis with HBV (Table) . 4e7 Although antiviral treatment substantially reduces the risk of HCC in patients with chronic HBV infections, recent studies have reported persistent risk and a continued need for HCC screening. 30, 31 Noncirrhotic NAFLD. Diabetes and obesity are known independent risk factors for the development of HCC and are also risk factors for the development of NAFLD. 32, 33 There appears to be a common pathway via insulin resistance and the subsequent inflammatory cascade in the development of nonalcoholic steatohepatitis (NASH), the end stage of NAFLD.
Although it is well known that patients with NAFLD-related cirrhosis are at high risk of HCC, the risk for patients with noncirrhotic NAFLD is less clear. An increasing number of reports describe HCC in these patients. 28, 34, 35 In a retrospective cohort study among 1500 US veterans, 13% of HCC cases developed in the absence of cirrhosis, with NAFLD being the main risk factor. 36 Furthermore, it has been suggested that patients with noncirrhotic NAFLD have a higher mortality rate than patients with HCC at the background of cirrhotic NAFLD. 28 However, most studies on this subject are case series or have been limited by selection bias, eg, by only including patients undergoing surgical resection, who typically have lower stages of fibrosis. 28, 34, 37, 38 Despite data suggesting that noncirrhotic NAFLD may be a risk factor for the development of HCC, no guidelines recommend screening patients withNAFLD without cirrhosis (Table) . Currently, the incidence of HCC in patients with NAFLD without advanced fibrosis is unknown, so it is unclear if screening would be costeffective on a population level. 39 
SCREENING METHODS

Imaging
All guidelines advocate ultrasonography as the imaging modality of choice for HCC screening because it is inexpensive, noninvasive, readily available, fairly accurate, and well tolerated (Table). 4e7 However, the sensitivity of ultrasonography alone for detecting early-stage HCC in patients with cirrhosis is reported to be around 45%. 40 The sensitivity of ultrasonography is affected by technology and operator experience. Thus, ultrasonographic screening should be performed in specialized centers by well-trained technicians and clinicians. 5 Furthermore, certain areas of the liver, such as the hepatic dome, are more difficult to explore by ultrasonography.
The diagnostic accuracy of ultrasonography is also affected by patient characteristics, such as liver nodularity and the patient's ability to momentarily stop breathing. 41 The quality of the images and the sensitivity appear to be substantially worse in patients with obesity and underlying NASH. 42, 43 As new antiviral therapies for HCV reduce the incidence of HCV-related HCC and the obesity epidemic continues to grow, NASH is expected to become an increasingly common risk factor for HCC. Therefore, the suboptimal sensitivity of ultrasonography is anticipated to be more problematic in the future, highlighting the need for alternative strategies to improve sensitivity for early tumor detection.
In specific patient populations in whom ultrasonographic imaging is inadequate, including obese patients or those with multinodular cirrhosis, MRI and CT may be considered potential alternatives. 7,44e46 Currently, the costeffectiveness of these imaging modalities, as well as the nuances associated with obtaining consistent high-quality imaging, have prevented them from being included as first-line options within HCC screening guidelines. 
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Post-SVR FIGURE. Proposed screening algorithm for patients at risk for hepatocellular carcinoma (HCC), based on the American, 4 European, 5 Asia-Pacific, 6 and Japanese 7 guidelines and expert opinion (*). AFP ¼ afetoprotein; CT ¼ computed tomography; HBV ¼ hepatitis B virus; HCV ¼ hepatitis C virus; MRI ¼ magnetic resonance imaging; SVR ¼ sustained virologic response; US ¼ ultrasonography.
y Situations in which it could be worthwhile to perform cross-sectional imaging include unavailability of experienced personnel, obese patients, patients who are unable to hold their breath, and patients with an excessively nodular liver.
Biomarkers
Bearing in mind the limitations of ultrasonography for HCC screening, there is a need for alternative strategies, like biomarkers, to improve sensitivity for early tumor detection. Several biomarkers, such as free cell DNA, are in development, but the best studied serum biomarker for HCC screening is AFP. 47 Although inexpensive, readily available, and easy to perform, AFP testing has faced criticism given its suboptimal sensitivity and specificity when used alone. The benefit of using AFP in combination with ultrasonography is also debated, including discrepant recommendations in guidelines (Table) . 4e7 The American Association for the Study of Liver Diseases recommends using ultrasonography with or without AFP, leaving it up to the clinician to consider the benefits and drawbacks in each individual patient. 4 In contrast, European guidelines recommend ultrasonography alone. 5 In attempt to increase performance, the statistical model GALAD combines AFP levels, the biomarkers AFP-L3 percentage and des-gamma-carboxy prothrombin, and the sex and age of the patient into one model. 48 Although data from a case-control study seemed promising, the results of larger studies need to be awaited to determine the place of GALAD in clinical practice.
Several studies suggest that AFP can add benefit to ultrasonography by improving early tumor detection, but this improvement in sensitivity must be weighed against a decrease in specificity.
49e51 A meta-analysis found that ultrasonography alone has a significantly lower sensitivity for detecting early HCC than ultrasonography combined with AFP (relative risk, 0.81; 95% CI, 0.71-0.93), although ultrasonography alone had a higher specificity (relative risk, 1.08; 95% CI, 1.05-1.09). 40 The sensitivity of ultrasonography with AFP vs ultrasonography alone for detecting early HCC was 63% (95% CI, 48%-75%) vs 45% (95% CI, 30%-62%; P¼.002). Of note, the specificity of AFP seems to be higher in patients with nonviral cirrhosis or post-SVR status. Therefore, as HCC epidemiology shifts from an HCV-predominant to a NASHpredominant etiology, it is anticipated that AFP accuracy will improve. 52e54 SCREENING INTERVAL Most guidelines recommend ultrasonographic screening every 6 months (Table). 5e7 This interval was initially recommended on the basis of tumor doubling time but has since been supported by studies reporting higher rates of early detection and improved survival with semiannual screening compared with annual screening. 54 Increasing the screening frequency from every 6 months to every 3 months increases the detection of nonspecific nodules but does not improve early detection or survival. 55 
UNDERUSE OF SCREENING
Despite international recommendations, fewer than 1 in 5 high-risk patients are regularly screened. 19 Guideline-adherent, biannual screening rates in the United States are even reported to be under 2%. 15 In the United States and other countries with insurancebased health care systems, racial and socioeconomic factors significantly affect adherence. 15 Elsewhere, factors like age, type of hepatitis, and awareness among health care professionals may play a larger role.
14 Studies have suggested that the most common reason for the underuse of HCC screening is physicians failing to order screening in patients with known cirrhosis. 56 Primary care physicians report several barriers to HCC screening, including lack of knowledge about the benefits of screening and clinic time constraints with competing clinical concerns. 20 When health care professionals do order HCC screening, most patients are interested and adherent. However, patients who report barriers to screening, including costs or transportation, are significant less likely to complete screening. 57 Studies examining interventions to improve HCC screening have suggested that simple interventions, such as electronic medical record reminders, nurse-based protocols, or mailed outreach invitations, can significantly increase HCC screening rates.
58e60
PROPOSED SCREENING ALGORITHM Current guidelines include diverse recommendations on the practical details of screening policies (Table) . 4e7 This section contains a proposal for a comprehensive screening algorithm for patients at risk for HCC based on the level of liver cirrhosis or fibrosis and the underlying disease ( Figure) .
Patients with Child-Pugh class A or B cirrhosis and subgroups of patients without cirrhosis but with chronic HBV infections, in the absence of other medical comorbidities, should be included in an HCC screening program. Screening programs should generally consist of lifelong, semiannual abdominal ultrasonography and AFP testing. Patients with poor-quality ultrasonographic images can be further evaluated with multiphase contrastenhanced CT or MRI.
A clear protocol for the diagnostic evaluation of patients with abnormal screening results is also key for HCC screening to be successful. The majority of lesions smaller than 1 cm are nonmalignant dysplastic or regenerative nodules, not HCCs. The optimal management of these small lesions in the setting of cirrhosis is still to be elucidated, but close follow-up with repeated shortinterval ultrasonography and AFP is required to monitor these patients for malignant degeneration or growth.
4e7, 61 In patients with a positive screening result (mass >1 cm on ultrasonography or AFP level >20 ng/mL [to convert to mg/L, multiply by 1.0]), further evaluation with multiphase contrast imaging (CT or MRI) is required to evaluate for potential HCC.
CONCLUSION AND PERSPECTIVE
Global guidelines recommend screening highrisk populations to allow for early detection of HCC, but adherence is low. Increased awareness about the need for screening is crucial to allow more patients to qualify for curative treatment options. Lifelong, biannual screening using abdominal ultrasonography and the serum biomarker AFP is recommended for patients with cirrhosis and selected patients without cirrhosis with HBV infection.
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